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摘  要 
 i 
摘  要 
在玻璃温室、自然透光下采用人工砂基栽培，研究 Bap、Cr 和二者的复合
污染在不同浓度梯度和不同胁迫时间下，对红树植物秋茄（Kandelia candel）
幼苗的生长及生理生态效应的影响。设置 Bap 的系列胁迫浓度为 100、200、300、
400、800µg·L-1，以不加 Bap 为对照；Cr6+的系列胁迫浓度为 0.5、2.5、5、10、
25、50、100mg·L-1，以不加 Cr6+为对照；Bap 和 Cr 的复合胁迫浓度为 100、200、
300µg·L-1 Bap 分别与 5、10、25mg·L-1Cr6+的混合，以不加 Bap 和 Cr6+为对照。









2. Bap 胁迫对秋茄幼苗各组分的含水量有一定的影响。胁迫 110d，气孔导
度和蒸腾速率提高。 
3. 胁迫 40d 和 60d，Bap≤300µg·L-1 降低叶绿素含量，Bap≥400µg·L-1 提
高叶绿素含量；Bap（0～800µg·L-1）胁迫 110d，叶绿素含量提高，而叶片净光
合速率随浓度升高而降低。 




5. 随胁迫时间的延长和 Bap（0～800µg·L-1）浓度的提高，根尖和叶片 O2-
产生速率升高。 
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胁迫 110d，根尖 SOD、POD 活性降低而叶片 SOD、POD 活性增加，根尖 Apx
活性随浓度升高而升高而叶片 Apx 活性则下降。 













12. Cr6+（0～10mg·L-1）胁迫提高根尖和叶片 O2-产生速率。 
13. Cr6+（0～10mg·L-1）胁迫 110d，根尖和叶片 SOD、POD 活性升高，而
根尖和叶片 Apx 活性降低。 
14. 胁迫 110d，叶 ASA 含量随 Cr6+浓度（0～10mg·L-1）升高而升高。 
15. Bap 和 Cr 复合胁迫对种苗萌发的抑制作用比 Bap（200～300µg·L-1）和
5mg·L-1Cr 的单一胁迫强，而弱于 10mg·L-1Cr 的单一胁迫；胁迫 110d 的幼苗存
活率大于相应浓度 Cr6+的单一胁迫。 
16. Bap 和 Cr 复合胁迫 110d，叶绿素含量降低，且低于相应浓度 Bap 的单
一胁迫而高于相应浓度 Cr6+的单一胁迫，净光合速率也随之降低。 
17. 胁迫 110d，根尖可溶性蛋白含量、根尖和叶片可溶性糖含量降低而叶



















In this paper, Kandelia candel hypocotyls were cultivated in sand and treated 
with 15‰ seawater for 40,60 and 110 days under laboratory conditions in a 
greenhouse. The influence of Bap(100, 200, 300, 400, 800µg·L-1), Cr6+(0.5, 2.5, 5, 
10, 25, 50mg·L-1) single and combined pollution(5, 10, 25mg·L-1 Cr6+; 100, 200, 
300µg·L-1 Bap) on the growth and physiological characteristics effect，including 
hypocotyls germination and growth, photosynthesis metabolism, water metabolism, 
soluble sugar, soluble protein, antioxidase membrane protection system were 
observed to inquire into the ecophysiological responses of mangrove K. candel to 
Bap, Cr6+ phytotoxicity. The results showed: 
1. The germination of K. candel seedlings was not obviously influenced by Bap 
pollution during the early germination period. When Bap concentration was lower 
than 400µg·L-1, it was restrained in a shorter treatment time(40d). However Bap 
showed a acceleration on the growth at the level of 800µg·L-1. The growth was 
promoted with increasing Bap concentrations in longer time(110d), correspondingly 
the biomass of various parts of K. candel seedling and the total biomass showed a 
increase. But biomass of leaves is decrease. The survival rate was 100%. 
2. The transpiration rate and the stomatal conductance of mature leaves of K. 
candel seedlings showed a crease with the increasing concentration of Bap, 
correspondingly the water contents of leaves were dropping. 
3. The change of the contents of chlorophyll a, chlorophyll b and total 
chlorophyll in leaves of K. candel seedlings with treatment time prolonged were 
decreased firstly and then increased at Bap concentration of 300µg·L-1. The net 
photosynthetic rate of mature leaves was decreased. 
4. When hypocotyls were stressed 40 days, Bap had effect on the content of 
soluble proteins. The content of soluble proteins in roots were increased with the 
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in leaves. The content of soluble sugar in roots and leaves was not influenced 
remarkable by Bap. 
5. The producing rate of superoxide in roots and leaves increased with the 
increase of Bap concentration and treatment time. 
6. The SOD activity and the POD activity of roots showed a climbe after 40 
and 60 days. When treatment time prolonged to 110 days, they was restrained in 
roots and leaves. The Apx activity of roots was gradually increased and it was 
decreased in leaves with the increasing concentration of Bap. 
7. The ASA and GSH contents of roots in K. candel seedlings showed a climbe 
with the increasing Bap concentrations after 110 days. 
8. The germination of K. candel seedlings was obviously influenced by Cr6+ 
pollution. It was promoted under Cr6+ concentration of 2.5mg·L-1, and reduced step 
by step when treatment time prolonged. When Cr6+ concentration was above 5mg·L-1, 
the growth of K. candel seedling was restrained. Correspondingly the biomass of 
various parts in seedlings and total biomass showed a decrease. 
9. The transpiration rate was promoted and the stomatal conductance was 
restrained under Cr6+ concentration of 5mg·L-1, the water contents of various parts in 
seedlings were gradually declining. 
10. The contents of chlorophyll was promoted with increasing concentration of 
Cr6+. With the increasing concentration of Cr6+ in the treatment time for 110 days, 
the net photosynthetic rate rapidly decreased. 
11. The content of soluble proteins in roots were decreased and it was increased 
in leaves when treatment time prolonged. The content of soluble sugar in roots and 
leavs was decreased with the increasing concentration of Cr6+ in the treatment time 
for 110 days. 
12. The producing rate of superoxide in roots was promoted at treatment of Cr.  
13. The SOD activity and the POD activity of roots increased in the treatment 
time for 110 days. The Apx activity of roots and leaves were decreased with the 
















14. The ASA contents of leaves showed a climbe with the increasing Cr6+ 
concentrations after 110 days. 
15. Bap and Cr6+ combined pollution showed a significantly inhibition on 
hypocotyl germination. Compared with Bap stress and Cr6+ stress, the germination 
rate is less than the corresponding concentration Bap and 5mg·L-1 Cr6+ and greater 
than 10mg·L-1 Cr6+. The survival rate was higher than the corresponding 
concentration of Cr6+ after 110 days. 
16. With the treatment time extended to 110 d, Bap and Cr6+ combined 
pollution reduced the chlorophyll content, the net photosynthetic rate droped. 
Compared with Bap stress and Cr6+ stress, the chlorophyll content and net 
photosynthetic rate was less than the corresponding concentration Bap and larger 
than the corresponding concentration of Cr6+. 
17. The content of soluble proteins in roots were decreased and it was increased 
in leaves when treatment time prolonged. The content of soluble sugar in roots and 
leavs was decreased in the treatment time for 110 days. Compared with Bap stress 
and Cr6+ stress, they were larger than the corresponding concentration Bap and less 
than the corresponding concentration Cr6+. 
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